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Degenerate magnetic semiconductor Snl Mn Te or SnTe-MnTe -x x 
system has been extensively studied by electrical resistivity, 
57 
anomalous Hall effect, thermoelectric power, specific heat, and 
electron paramagnetic resonance measurements. Two distinctly 
differept temperatures have been round indicative of some physical 
ch~nges in the properties of this alloy system around the tempe-
rature range 4-6 K. Here evidences are provided which suggest 
that these temperatures denoted by T and T correspond to the 
c m 
Neel temperature and the Curie temperature, respectively, thus 
indicating the possibility of the SnTe-MnTe alloy system under-
going a paramagnetic-antiferromagnetic ordering and then an 
antiferromagnetic-ferromagnetic ordering. 
1. INTRODUCTION 
Extensive studies by different research groups have been carried 
out on the Sl Mn Te alloy system (degenerate magnetic semiconductor) 
-x x 
and a review paper on these studies has been PUblished. l ) These 
studies have shown that this alloy system undergoes a paramagnetic-
ferromagnetic transition at low temperatures. The ordering tempe-
rature depends both on the Mn concentration as well as the carrier 
concentration. 2) Lately Inoue et al. have found that there exist 
two characteristic temperatures denoted by Tm and Tc around the 
magnetic transition range. 3 ) The temperature T is determined from 
4) m 
electrical resistivity measurements, while the temperature T is 
determined from anomalous Hall effect (AHE) measurements. 3 ) T~ese 
characteristic temperatures plotted as a function of Mn concentration 
are compared with those determined from magnetic susceptibility 
measurements by other groups, as shown in Fig. 1. Evidences shall 
be provided below which suggest that T corresponds to the Neel 
c 
temperature, whereas Tm corresponds to the Curie temperature. 
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Fig. 1. Dependence of magnetic ordering (Curie) 
temperature on x in Sn l Mn Te.. Dotted line is -x x 
Tm determined from resistivity anomaly and open 
circles are T determined from AHE measurements. 
c 
Open triangles and squares are determined from 
magnetic measurements by Cohenet al. IO ) and 
Escorne et al.,ll) respectively. 
2. EXPERIMENTAL EVIDENCES AND DISCOSSIONS 
A) As seen in Fig. 1, Tc and Tm are not identical. Moreover 
the Mn concentration dependence of these temperatures are different. 
Tc is almost independent of x, whereas Tm depends sublinearly. 
It is possible that these differences may be the result that T is 
c 
determined by the AHE measurements whereas T is determined by 
m 
resistivity measurements, but a more likely explanation is that 
these two temperatures are physically distinct. The existence of 
the two temperatures suggests that there could be two different 
magnetic ordering mechanisms in the SnTe-MnTe alloy system. 
B) From resistivity vs temperature curves of Inoue et al.,3) it can 
be observed that T can be identified easily. However upon closer 
m 
examination, a subtle change in the slopes of the resistivity vs 
temperature curves does occur around Tc. Figure 2 shows the curves 
with T and T superimposed. Similar behaviors occur in the resisti-
m c 
vity vs temperature curves for rare-earth metals, e.g. terbium and 
dysprosium, and these have been attributed to two different magnetic 
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Fig. 2. Temperature 
dependence of resistivity 
of Snl Mn Te.
3) Tm is 
-x x 
the resistivity anomaly 
temperature and Tc is 
determined from ARE 
measurement s. 
orderings; first the paramagnetic-to-antiferromagnetic ordering 
followed by the antiferromagnetic-to-ferromagnetic ordering. 5,6) 
It is proposed here that the same phenomenon occurs in the Sn l --x 
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Mn Te system with T corresponding to the temperature for paramagnetic-
x c 
to-antiferromagnetic ordering (Neel temperature) and T corresponding 
m 
to the temperature for antiferromagnetic-to-ferromagnetic ordering 
(Curie temperature). It must be noted here that the existence of 
paramagnetic-to-antiferromagnetic ordering followed by antiferro-
magnetic-to-ferromagnetic ordering is not limited to rare-earth 
metals alone. It has also been detected in dilute alloys of Mn in 
Cu system. 7) 
C) Recently we have carried out the specific heat measurements on 
these magnetic semiconductors using a heat pulse technique. Figure 
3 shows the preliminary results on the as-grown crystal, Sn l Mn Te -x x 
with x = I at. %, revealing an anomalous peak around T = 5-6 K in 
the specific heat vs temperature curve; no peak was observed in the 
undoped sample at all. From the figure, it can be seen that the 
temperature at which the anomalous peak occurs corresponds to the 
characteristic temperature of T and the peak has a broadened A-type 
c 
shape indicative of disorder-order magnetic (second order) transition 
(paramagnetic-antiferromagnetic) very similar in shape to those of 
rare earth metals. 5,6) Unfortunately at present our experimental 
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Fig. 3. Temperature dependence of specific heat of as-
grown Snl Mn Te crystal with x = 1 at.%. The dotted line -x x 
is the data of undoped SnTe crystal. 12 ) 
set-up cannot go further lower in temperature for specific heat 
measurements. It is expected that another anomalous peak may occur 
around Tm' This peak would be much smaller in intensity since this 
is now an order-order magnetic (first order) transition (antiferro-
magnetic-ferromagnetic ordering), The existence of a second anomal-
ous peak in the specific heat vs temperature plot around T would 
m 
identify the existence of an antiferromagnetic phase. However even 
if the second peak cannot be found, it is not confirmative of the 
absence of the antiferromagnetic phase since the specific heat vs 
temperature curve of terbium also only exhibits one peak. S) Further 
studies would then be needed to establish the existence or non-exist-
ence of the antiferromagnetic phase. 
D) Ghazali et al. have found that the peak in the resistivity vs 
temperature curve can be suppressed by the application of magnetic 
field 2 ) (see Fig. 4(a». They pointed out that this is due to the 
suppression of the divergence of the spin fluctuations. However 
this phenomenon can also be evidence of the destruction of the anti-
ferromagnetic phase by the application of a magnetic field. Terbium 
exhibits such a behavior6) (see Fig. 4(b». This explanation is 
also consistent with the fact that only T has been detected in the 
AHE measurements by Inoue et al. 3 ) The a~Plication of magnetic field 
in the right direction destroys the antlferromagnetic phase and only 
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'Fig. 4. (a) Resistivity of Snl Mn Te ex = 5.4 at.%, p = 9.'2 
-x x ) 
x 1020 cm- 3 ) with and without magnetic field. 2 (b) Resist-
ivity of Tb along the c-axis in a transverse magnetic field. 6 ) 
the paramagnetic-to-ferromagnetic ordering occurs, thus only the 
detection of one temperature, T , by ARE measurements. 
. c 
E) The inverse magnetic susceptibility vs temperature curves of 
Sn l Mn Te of Mathur et al.
9) are suggestive of arttiferromagnetic 
-x x 
ordering near the first ordering temperature Tc (see Fig. 5(a)). 
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Fig. 5. Reciprocal magnetic suscep-
tibility vs temperature of (a) Sn1 _x -
Mn Te 9) and (b) Tb along the basal 
Pl~ne and c-axis directions. 6 ) 
62 
Similar curves are also observed for a single crystal of terbium, 
as shown in Fig. 5(b), where a magnetic field is applied in two 
different crystal directions. Well above the Neel temperature, both 
of these curves follow the well-known Curie-Weiss law, but near the 
transition temperature the experimental points deviate from the 
straight line and rather lie above it. 
F) Our postulation of the existence of an intermediate antiferro-
magnetic phase is not contradicted by the magnetization vs magnetic 
field strength measurement~ of Ghazali et al. 2 ) and Cohen et al. IO ) 
since both their measurements are performed below T
m
, the Curie 
temperature, and therefore in the ferromagnetic phase of Snl_xMnxTe 
system. It must be pointed out that the application of magnetic 
field in the right direction can destroy the antiferromagnetic 
phase, even if these measurements are carried out in the temperature 
range between Tm and Tc' 
3. CONCLUSION 
Various evidences are provided that are suggestive of the 
possibility of the existence of an antiferromagnetic phase in between 
the paramagnetic and ferromagnetic phases of Snl Mn Te alloy -x x 
system. It is proposed that of the two temperatures detected by 
Inoue et al. (T and T ), T is the Neel temperature corresponding 
m c c 
to the paramagnetic-antiferromagnetic transition whereas Tm is the 
Curie temperature corresponding to the antiferromagnetic-ferromag-
netic transition. To prove the existence of the antiferromagnetic 
phase in this system, further studies on orientated single crystals 
of S~I_xMnxTe along the lines of the transport measurements of rare 
earth metals 5) would be required. Other conclusive proofs would 
be detailed measurements on specific heats, ac susceptibility, EPR, 
and neutron diffraction un these degenerate magnetic semiconductors. 
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